An advertising-sales response model is extended to include the effects of demographic factors (age and race) as additional determinants of milk demand. Previous research indicates that the age structure of a population and its racial composition are primary factors influencing fluid milk sales. Failure to incorporate these factors in the milk demand model results in a 30 percent downward biased estimate of the advertising effect. Consequently, the economic effectiveness of milk advertising is understated when the effects of demographic variables are ignored. Changes in demographic factors (growing nonwhite population and shrinking teenage market) appear to explain the relatively flat trend in per capita milk sales in the New York City market over the period 197 l-80-a period in which dairy producers spent $12 million on generic advertising of milk. Net returns to Federal Order 2 dairy farmers from generic advertising of fluid milk is estimated to average $6.07 per media dollar invested over the 1972-79 period.
The declining trend in per capita milk consumption in the United States over the past two decades has implications that go beyond the economic concerns of the dairy industry. Calcium intake for one-third of the population is below the 1980 Recommended Dietary Allowances (USDA SEA) and Americans depend on milk products for some 75 percent of their calcium intake (Brewster and Jacobson) . Dairy surpluses during the 1980-83 fiscal years cost taxpayers a record 8.1 billion (USDA ERS) and will likely cost an additional 1.6 billion in the 1984 fiscal year.
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Numerous studies have documented the importance of age, race and sex as determinants of milk demand (recent examples are Boehm, Boehm and Babb and Salathe) . These studies reveal that milk consumption declines with age, that blacks consume less milk than whites, and that females consume less milk than males. Both the average age of the U.S. population and the proportion of nonwhites is increasing steadily. The adverse effects of these trends on milk consumption are the central focus of this paper. The New York City metropolitan area serves as the basis for analysis because data readily exist and the demographic trends of interest are even more marked than those occurring nationally. Moreover, because milk has been heavily promoted in the New York City a@a since 1972, the opportunity is available to measure the extent to which non-brand advertising of milk might be expected to offset the effects of demographic trends.
Previous research has shown the economic effectiveness of fluid milk advertising to be critically dependent on three factors: (1) the proportion of total milk production used for fluid purposes (called the Class I utilization rate), (2) the magnitude of the price difference between drinking and manufactured milk (called the Class I-Class II price differential), and (3) the magnitude of the sales response to advertising, i.e., the advertising elasticity (Thompson and Eiler, 1977) . Information relating to Class I utilization rates and Class IClass 11price differentials across milk markets is published regularly by the government; therefore, knowledge of these parameter values is readily obtained. Much less certainty surrounds actual values of long run advertising elasticities for fluid milk since empirical research on this topic is scant. Studies to date suggest long run advertising elasticity values of less than .20 for fluid milk but marked intermarket differences appear to exist (Kinnucan, 1981a (Kinnucan, , 1983 Thompson; and Thompson and Eiler, 1975) , A necessary ingredient for evaluating and improving upon the economic effectiveness of farm funded milk promotion programs is accurate estimates of the long run advertising elasticity (Kinnucan, 1984) . This paper contributes to past research by highlighting various aspects of modeling and estimation procedure which appear to importantly influence the accuracy of estimated advertising elasticities,
In this paper, a model of milk demand is presented and data are discussed. Information regarding the effects of milk prices, substitute beverage prices and incomes on milk demand in New York City is generated. Estimates of milk sales in the absence of demographic change are compared with actual milk sales, and bias in estimated long run advertising elasticities associated with ignoring demographic change is examined. The increased farm value of the milk attributable to advertising based on a more completely specified model is computed. Finally, implications of the study are discussed.
The Model
In addition to advertising and demographic factors, other variables influence the demand for milk, These variables include seasonality in consumer preferences for milk, consumer income, the price of milk and the prices of other beverages, Further, the total effect of a given advertising expenditure may not be realized immediately but instead may be distributed over time. To take into account these factors, a demand function of the form to June 1980 , N = specified finite lag length, ql, = per capita daily Class I milk sales in ounces adjusted for the calendar composition of the month, i.e., the number of Sundays, Mondays, etc. (Schenkler and Christ, , Zjt = eleven zero-one dummy seasonality variables with December as the base class, It = deflated (by CPI, 1967= 100) NYC annual personal income before taxes, PMt = deflated (by CPI) NYC retail price in dollars of whole fluid milk in paper quart containers, PCt = U.S. cola price index deflated by the CPI, PCF, = U.S. coffee price index deflated by the CPI, At-i = deflated per capita monthly generic advertising expenditures on fluid milk, AGEt = the percentage of the population in NYC under age 20, RACEt = the percentage of the population in NYC which is nonwhite, and Tt = a trend variable, incremented by one for each successive month in the data series. 1 Equation (1) is specified in double-log form to permit advertising to have a diminishing marginal effect on sales.2 A trend variable is included in the model to account for the potential combined influence of the following 1The advertising data represent actual (not invoiced) expendltures made by producers for media advertising on fluid milk in the New York City area. Per capita figures were obtained by dividing actual advertising expenditures by the population of New York City's media coverage area. A media cost index specific to the New York City area was used to deflate the per capita figures. The actuat data along with a more complete description of the variables and sources are available upon request from the author.
2 Other functional forms commonly used in food demand analysis such as the log-inverse, inverse and semilogarithmic also permit diminishing marginal returns and therefore could have been used. Previous research on functional form selection in an advertising context found these alternative forms empirically indistinguishable from the logarithmic form based on chi-squared tests of goodness of fit (Kinnucan, 1983) . Furthermore, using the logarithmic form permits direct comparison of results with previously published studies (e.g., Thompson and Eiler, 1977, and Nerlove and Waugh) . Finally, specifying age and race varibles in akernative forms had no significant effect on elasticities evaluated at mean data points. Consequently the simpler logarithmic specification is used.
omitted factors: (1) nonmedia promotional activities conducted by the American Dairy Association, (2) nutrition education and research efforts by the Dairy Council of New York and (3) possible secular improvements in milk quality (Bandler) . Specifying the trend variable in linear form allows the coefficient of T to be interpreted as the instantaneous rate of change in milk sales due to the passage of time.
The length of the lag distribution, N, is unknown a priori. While theoretically the lag length could be indefinite, as a practical matter the major effect of the advertising expenditure can be expected to occur within some finite period. The procedure here for choosing the lag length is to "let the data decide" by terminating the lag at the point where an additional lagged term in A is not significantly different from zero, Generally, lagged regressors of economic time series are highly collinear because of serial correlation in the series or a secular decreasing or increasing trend in the data. Under these circumstances the ordinary least squares (OLS) regression estimates of the individual lag parameters can be imprecise. To reduce this problem, researchers have used procedures which restrict the shape of the lag distribution in various ways. One such procedure, the Almon method, restricts the lag distribution to follow a low order polynomial. This method, as well as the more general Shiner procedure, was applied in an earlier analysis of parts of the data used in this study. Results showed the Almon method to be inappropriate for these data (Kinnucan 198la) .3 On the basis of this finding, restrictions other than lag length were not imposed on the parameters in equation (l).
The Data
Monthly data for the period January 1971 through June 1980 pertaining to the New York City metropolitan area were used to estimate equation (1) and its variants discussed below, Annual averages of these data for the [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] period are presented in Table 1 . Interyear variation in the data is irregular except for the demographic variables, where a steadily increasing trend in the non-white proportion of the population and a decreasing trend in the under age 20 population proportion is observed. The relative stability of real milk prices combined with rapidly increasing real cola and even more rapidly increasing real coffee prices (76 percent between 1976 and 1977 alone) are factors favoring enhanced milk demand as are the overall rises in real incomes and advertising efforts. Yet the figures pertaining to per capita milk sales indicate a relatively fiat trend over the period. This suggests that the favorable effect of the sympathetic trends in the economic factors and advertising have been negated by the trends in demographic factors. This hypothesis is tested below.
Regression Results
The OLS estimates of equation (1) along with regression results pertaining to alternative specifications of equation (1) are presented in Table 2 . All regressions were computed using the econometric software package, TROLL (MIT).
Regression results indicate that equation (1) "explains" 87 percent of the variation in milk sales. The dummy variables, which account for the major portion of the explanatory power of the model, suggest a distinct seasonal pattern in milk demand, i.e., a drop in sales during the summer months.
Estimated effects of the economic variables agree with a priori expectations. A one-sided t-test indicates that the estimated income elasticity of 0.416 is significantly greater than zero at the 5 percent probabilityy level. The ownprice elasticity is estimated to be -0,095 but is not significant. This should not be interpreted to mean that milk price has no significant effect on milk demand. Rather, lack of variation in the real price of milk over the sample period precluded a preci$e determination of the effect of this variable.
The cross-price elasticities pertaining to cola and coffee are positive and significant, suggesting that increases in the prices of these beverages induce consumers to purchase more milk. Note that because of the large increases in cola and coffee prices that can occur over relatively short time periods (be- ' A second degree polynomial (AImon) restriction with a tall point constraint is imposed on the lag structure of this equation. b The COND(X) statistic indicates the degree of multicollineanty in the raw data matrix. Multicoliinearity is considered severe when this statistic exceeds 100. COND(X) statistic vatues less than 30 indicate multicollinearity is not adversely affecting the precision of the individual regression coefficients.
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tween January 1976 and July 1977, the real price ofcoffee increased 138 percent and between January 1974 and May 1975, the real price of cola increased 38 percent), these variables can have a greater impact on milk consumption than would be inferred on the basis of their relatively small elasticities. Media advertising effects. Generic media advertising of miik has a positive, significant effect on milk sales in the New York City metropolitan area. Carry-over effects are estimated to last six months with the maximum impact occurring four months after the initial expenditure, The estimated long run advertising elasticity (the sum of the initial and carryover effects) is 0.051. The irregular pattern of the estimated lag distribution is surprising in light of the low collinearity among the lagged regressors.4 One plausible explanation for this phenomenon is that the advertising expenditure series does not adequately reflect monthly variations in the effectiveness of the advertising message. This may occur as the result of (a) constantly changing commercials (e.g., during the period February 1975 through June 1980,61 different milk commercials were used) and (b) monthly variations in the media mix among television, radio and newspapers. If monthly variations in the quality of the advertising signal are not well correlated with the actual level of expenditures, a perturbed pattern in the estimated response may occur. An additional explanation for the peculiar pattern in the estimated lag response is the possibility of a seasonal response to the advertising message (see Kinnucan 198lb) . In any case, for the purposes of this paper, it is the sum of the lag coefficients, not the individual coefficients themselves, that is of key importance.
The long ru,p advertising elasticity estimated from equation (1) is large compared to previous estimates obtained from a double-log specification of the sales response function. Thompson and Eiler (1977) , using New York City data for the period January 1971 to March 1974, put the elasticity at 0.021. In a later study Thompson (1978) , employing data for the January 1975 to June 1977 period, estimated the elasticity at 0.029. The difference -.
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in the estimates may be ascribed to three factors: (1) differences in data period, (2) differences in model specification, and (3) differences in techniques used to estimate the distributed lag relationship between milk sales and advertising expenditures. The likely effect of these differences is examined below. The equation (1) estimate is based on data covering the period January 1971 through June 1980 and hence the Thompson and Eiler (1977) and Thompson estimates may be regarded as subperiod estimates. The subperiod estimates (0.021 and 0,029) are in close enough agreement to suggest no significant changes in the advertising elasticity over time.5 Hence the estimated elasticity based on the longer time period should be superior on this score because larger samples generally yield statistically superior results.
Relative to equation (l), the subperiod elasticity estimates flow from models which exclude all or most of the following relevant explanatory variables: cola price, coffee price, age, race and trend. If a statistical correlation between these excluded variables and advertising expenditures exists, the omission of these variables will bias the estimated advertising effect. Comparing the 1971-1980 estimate (q~,~= 0.05 1) with the subperiod estimates (T,.. = 0.021 and q,.. = 0.029) one would expect the direction of the bias to be downward. To check this, equation (1) was reestimated omitting the age, race, coffee price and trend variables.6 The resulting long mn advertising elasticity estimate is 0.032, suggesting that excluding these variables from the milk sales response function leads to a 33 percent downward bias in the estimated long run advertising elasticity (excluding the demographic variables alone results in a 30 percent downward bias in the elasticity). Apparently then, 86 percent (0.032-0,051 )/(0.029-0.051) x 100) of the discrepancy between the overall and the subperiod estimates can be attributed to the omission of relevant explanatory variables.7
4 Imposing an Almon polynomial restriction on the shape of the lag distribution produces a nice-looking lag pattern (see, e.g., re. gression no. 4 in Table 2 ), but this procedure results in an eight percent downward bias in the estimated long-run advertising elasticity and is inappropriate when data are not highly collinear.
5 In fact, the difference between the two subperiod estimates may be ascribed to the omission of cola prices in the earlier study.
6 Cola price is retained since the later subperiod study does include this variable, 7 A reviewer suggested that perhaps the larger advertising elasticity of equation (1) is due to multi-collinearity (which can affect the estimated coefficients of all variables, not just the highly collinear ones). This explanation appears implausible, however, because regression nos. 2-4 exhibit a similar degree of multicolIinearity (compare the COND(X) numbers in Table 2 ) but estimated advertising elasticities differ considerably in these equa-in addition to time period and model specification differences, the estimates based on the subperiod samples use a procedure which restricts the distributed-lag advertising response to follow a low-order polynomial which terminates with a zero response. In contrast the 1971-1980 estimates impose no restrictions on the form of lag. A study employing the same model and data used by Thompson shows that the imposition of polynomial and end-point restrictions results in a downward bias of six percent in the estimated long run advertising elasticity (Kinnucan, 198la) , Indeed, as indicated by regression no. 4, Table 2 , when a second degree polynomial restriction with an end-point constraint is imposed on the misspecified milk demand equation, the resulting estimated long-run advertising elasticity is 0.031. This estimate is close enough to the later subperiod estimate (0.029) to argue that earlier estimates of the long-run milk advertising elasticity for the New York City market has downward biases as large as 59 percent (0.021 compared with 0.051), due to the omission of relevant explanatory variables and the use of inappropriate procedures for estimating the distributed lag.
Demographic effects, Compared to the economic variables and advertising, the elasticities for the demographic factors are quite large. According to the estimates in regression no. 1, for each one percent increase in the proportion of the population under 20, milk sales increase by 1.2 percent, ceteris paribus; and for each one percent increase in the nonwhite portion of the population, milk sales decrease by 2.7 percent, ceteris paribus. Given the relatively large changes in these factors over the sample period (the nonwhite proportion of the population increased 20 percent; the under-age-20 population proportion decreased 13 percent), the magnitudes of these elasticities imply implausibly large reductions in per capita milk consumption. Furthermore, the estimated age effect is not significant.
Further analysis reveals that the age, race and trend variables are highly collinear (simtions. In particular, the long-nur advertising elasticity estimate of regression no. 4 (which differs from the other two regressions primarily in that age and race variables are omitted) is as much as 32 percent smaller than the corresponding estimate from the other two regressions. This reinforces the notion that specification error (and not rtrulticdineanty) is the primary factor responsible for differences in estimated advertising elasticities. It lends support to the basic conclusion that the estimated impact of generic advertising on milk demand can be seriously understated if demographic factors are ignored, ple correlations between the variables is in excess of 0.98 in absolute value). To increase the precision with which these elasticities could be estimated, it became necessary to reestimated equation (1) dropping the trend term and, alternatively, the age and race variables (the results are represented by regression nos. 2 and 3 of Table 2 ). This approach, while introducing bias into the estimated age and race elasticities, produces elasticities of a more reasonable magnitude, i.e., a race elasticity of -0.593 and an age elasticity of 0.722. Moreover, the very large t-ratios corresponding to these estimates (in excess of 4.5 in absolute value) suggest that the biased estimates probably have a lower mean squared error than the unbiased estimates obtained from the more completely specified model represented by equation (1). Note further that the TROLLproduced diagnostic statistic for multicollinearity is significantly reduced by the elimination of the trend and age or race variables (compare COND(X) numbers in Table 2 and see footnote b). Therefore, these elasticities will form the bases for further analysis with respect to the effects of changes in demographic characteristics on milk demand in the New York City market.
One way to gain some additional insight regarding the magnitude of age and race effects on milk consumption is to compare milk sales in the absence of changes in these factors with actual sales, Looking at the age effect first, the model (regression no. 3) predicts that if the age structure in 1979 had remained unchanged from 1972 (i.e., with 32.6 percent of the population under 20), then milk sales would be 28.5 gallons or 9.6 percent higher than actual sales (Table 3) . If the racial composition had remained unchanged since 1972 (at 18.4 percent nonwhite), the model (regression no. 2) predicts milk sales in 1979 of 28.8 gallons, a 10.8 percent rise over the actual sales, Although the estimated age and race effects obtained from equations (2) and (3) are more conservative than those of equation (1) they nonetheless overstate the independent effect of each factor.8 Thus adding the estimated ef- fects of each variable to obtain an estimate of the combined effect of race and age on milk demand would be inappropriate. However, if one assumes (conservatively) that, for example, the race elasticity of equation (2) is measuring the jldl impact of age changes as well, then the impact on sales reflected b y this coefficient ( -10.8 percent) may be taken as a lower bound estimate of the combined impact of the two factors. (The age elasticity in equation (3) could be interpreted in an analogous fashion, suggesting a decrease in sales due to age and race effects of 9.6 percent.) While these estimates cannot be regarded as precise, their general magnitude hints at the importance of demographic changes in understanding the observed trend in milk sales in the New York City market.
Producer Returns from Milk Advertising
Statistical results suggest a distinct positive relationship between milk sales and generic advertising. Yet, as Hadar points out, for advertising to be profitable it must bring about a sufficiently large shift in demand to compensate for costs. One way to determine if generic advertising in the New York City metropolitan area has been profitable for producers is to compute the farm value of the sales increase attributable to advertising and com are this r figure with the cost of advertising. This is done for [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] (Table 4) .
Estimated milk sales with "no" advertising was computed via equation (1) by setting the advertising variables at their lowest observed levels (approximately $9,000 per month in real terms) and letting the model predict milk sales, given the actual changes occurring in the other variables. The increase in milk sales attributable to advertising was computed as the difference between estimated actual milk sales and estimated milk sales with "no" advertising, The farm value of the sales gain was then computed by multiplying the sales gain with the Class I-Class II milk price differential (Thompson and Eiler, 1975) , and then multiplying the result by the NYC population. The advertising cost is the portion of the media expenditure in the market that pertains to the SMSA population (generally this represented approximately 60 percent of the total expenditure in the New York City market). For the dairy producer, the profitability of the advertising investment is the difference between the net farm value of the sales increase and the cost of advertising.
The estimated annual increase in per capita milk sales attributable to advertising ranges from 1.6 to 3.1 gallons for an annual average increase of 2.5 gallons per person over the 1972-1979 period. 10 On average, this represents a 10 percent increase in milk sales, The farm value of this sales increase over the eight-year period is approximate y $44 million. When compared to the cost of achieving this sales increase ($7.2 million), 11dairy producers realized a net return of $37 million from advertising which translates into a $6.07 average net return per media dollar invested. Thus, it appears that the investment in the New York City metropolitan area has stimulated demand sufficiently to make advertising profitable for affected dairy producers.
Conclusions and Implications
Results of the study suggest that trends in the demographic factors of age and race have strong negative consequences for fluid milk demand, In the New York City metropolitan area during the 1971-1979 period, the nonwhite proportion of the population grew by 20 percent and the under 20 population propor10Thompson andEiler 's(1975) estimates of the Srik @ we much smsdIer (less than one gaIlon per year) due to the severe downward bias in the estimated long-run advertising elasticity. The nature of this bias is discussed earlier in the text.
!t~s $7.2 million is the portion of the total Advertising expenditure ($12.2 million) that relates to the portion of the media coverage area population for which milk sales figures are available. by 13 percent. Econometric results suggest that these trends may have decreased per capita milk consumption in New York City by 9.6 percent or more over the sample period,
The fact that per capita milk sales in this market remained relatively constant over this period suggests that the favorable trends in economic factors affecting milk consumption (nearly constant real milk prices, large increases in real cola and even larger increases in real coffee prices, and increasing real per capita incomes) as well as the $12.2 million investment in media advertising have worked to offset the adverse effects of the demographic trends. The statistical results verify this contention: the estimated average annual increase in milk sales attributable to advertising (2,5 gals, /person/year) nearly matches the estimated decline in milk sales associated with the demographic changes studied.
The study suggests that generic advertisement of milk in the New York City metropolitan area is a profitable activity for affected dairy producers. The model estimates a tenpercent average increase in per capita milk sales as a result of the promotion effort. This sales increase translates into an average $6.07 return on investment to Federal Order 2 dairy farmers per media advertising dollar invested.
Omitting relevant explanatory variables (e.g., demographic factors) from the model was shown to result in a downward bias in the estimated long run advertising elasticity of 30 percent. Inappropriate restrictions on the lag structure of the advertising effect may further downward bias the estimated long run effect.
Because long run advertising elasticities, along with Class I utilization rates and Class I-Class II price differentials, are critical determinants of milk advertising effectiveness, analysts will need to carefully consider these model specification and estimation issues when attempting to evaluate program effectiveness and make recommendations regarding more efficient use of advertising funds.
With the passage of the Dairy and Tobacco Adjustment Act of 1983 dairy farmer investment in advertising and promotion increased from $60 to $200 million (Novakovic) . A significant portion of these new funds ($50-$60 million) is controlled by a national board. An economic incentive exists for the board to allocate fluid milk advertising funds to those areas of the U.S. where Class I utilization rates and Class I-Class II price differentials are relatively high (Thompson and Eiler, 1977) . One such area, the Southeast, contains a sizeable nonwhite population. The research presented in this paper suggests that in evaluating regional differences in fluid milk advertising effectiveness, demographic differences among the regions will need to be carefully considered. 12 n The promotion provision in the Dairy and Tobacco A@t-ment Act of 1983requires that the Secretary of Agriculture submit to Congress an analysis of the effectiveness of the program each year the promotion order is in effect. Analysis relating to regionat or market allocation of advertising funds will almost surely be done either as a direct requirement of the annual Congressional report or among private or public sector researchers interested in improving the economic efficiency of the investment.
